Abstract: The efficacy of thiopurine treatment in the induction, and especially maintenance, of remission in inflammatory bowel disease is well proven; however, it is associated with side effects in both medium and long-term use. The potential harmful effects may be anticipated and minimised by due diligence prior to commencing these drugs followed by close monitoring of haematological and biochemical parameters once started. Careful clinical examination and history taking are also essential. Affected patients are expected to lead lives that include travel, employment and pregnancy the implications of continued thiopurine therapy in such patients are discussed.
Introduction
Thiopurines have been a mainstay in treating inflammatory bowel disease (IBD) for over a quarter of a century. The most commonly used agents in the management of IBD are azathioprine (AZA) and mercaptopurine (MP). AZA is a prodrug which undergoes metabolisation to MP. The unique bioactivity of the thiopurines however gives them a specific therapeutic index that must be considered when they are used. The adverse event profile of these drugs is related to their active metabolites, most notably 6-thioguanine (6-TG) and 6-methylmercaptopurine (6-MMP). These reactions are catalysed by two enzymes, namely thiopurine methyltransferase (TPMT) and hypoxanthine phosphoribosyltransferase. Their use is limited by serious adverse events leading to discontinuation of the drug in 9 to 25% of patients [Gearry and Barclay 2005; Gearry et al. 2004] .
Adverse events associated with AZA and MP include nausea, allergic reaction, flu-like illness, malaise, fevers, rash, abdominal pain, pancreatitis, hepatotoxicity and myelosuppression. An increased risk of lymphoma has also been described [Beaugerie et al. 2006; Kandiel et al. 2005; Dubinsky, 2004] . A double-blind study in 1980 first illustrated the utility of MP in the management of Crohn's disease (CD) [Present et al. 1980] . AZA has been used for CD since the 1960s [Brooke et al. 1969] and its efficacy of AZA for the management of ulcerative colitis (UC) was established in a double-blind controlled trial in 1982 [Kirk and Lennard-Jones, 1982] , which showed a reduction in activity index and dose of prednisolone required at 6 months. It has since gone on to be a valuable agent in the management of CD and a systematic review has confirmed the utility of both AZA and MP in inducing remission in this condition [Sandborn et al. 2000] . Another review reinforced the use of thiopurines as an option for maintaining remission with improved response seen at higher doses and a greater steroid-sparing effect . A systematic review of studies comparing AZA and MP showed both are effective for maintenance of remission in CD but that higher response rates were obtained with AZA than MP. In this study, patients who received AZA and MP were at greater risk of withdrawal from the study due to adverse events compared to those on placebo therapy. The number needed to harm (NNH) for AZA was 20. Withdrawals due to adverse effects were noted in 6% of patients receiving AZA therapy, 19% of patients receiving MP therapy and 3% of placebo patients [Prefontaine et al. 2009] .
In this article, we aim to address the major classes of adverse event associated with long-term thiopurine therapy in patients with IBD (Table 1) . This must be considered in the light of the relevant demographics of this group. For instance, the majority of patients are diagnosed between the ages of 20 and 40 and therefore may be exposed to the drugs for prolonged periods of time and in many cases coincides with the years of greatest reproductive potential. Many also are taking a combination of immunomodulators including thiopurines, steroids and anti-tumor necrosis factor (TNF)-a agents. Combination therapy has been proven to lead to an increase in the rates of complications particularly opportunistic infections [Toruner et al. 2008] . Understanding the negative implications of thiopurine therapy is essential for those undergoing long-term treatment of IBD and those providing it.
TPMT testing TPMT catalyses the metabolism of the thiopurine drugs into their active components. TPMT enzyme activity is a major factor in determining AZA and MP metabolism, and therefore 6-TG and 6-MMP levels. Therefore, it is feasible that the therapeutic efficacy, bone marrow toxicity, and liver toxicity of these drugs may be predicted by testing levels of TPMT prior to the commencement of therapy. The TPMT genotype and phenotype (enzyme activity levels) both have clinical relevance. Nine out of 10 people are homozygous for the gene that regulates TPMT and this is associated with good TPMT activity. The majority of the rest of the population are heterozygotes with intermediate TPMT activity [Lennard et al. 1993 [Lennard et al. , 1989 . Such patients are less likely to benefit and more likely to accrue harm from thiopurine use. 1 in 300 of the population is homozygous for mutations of TPMT which is a more sinister phenomenon and these patients will have negligible TPMT activity, resulting in considerably higher levels of 6-TG and subsequently are at great risk of myelosuppression. Even within the 'normal' metabolizers there can be up to a three-fold difference in initial target doses of AZA and MP to achieve therapeutic 6-TG concentrations [Gardiner et al. 2008] .
The main tools used to plan treatment are TPMT genotyping and phenotyping. Genotyping for TPMT genetic polymorphisms may be useful and has been shown to be cost effective in IBD patients, however it lacks consistency and may not identify many of the patients who go on to develop myelotoxicity. A paediatric study illustrated the benefit of identifying those likely to need high doses to induce remission by means of genotyping and phenotyping [Cuffari et al. 2004] . Another study looked at whether AZA dose selection based on pharmacogenetic testing of TPMT and metabolite monitoring offered a safety and [Qasim et al. 2003 ]. With regard to phenotyping, it has been proposed that a quantitative analysis of TPMT activity can guide doses with those with absent activity being precluded from receiving the drug and increasing doses given efficacious and safe with higher levels of TPMTactivity [Cuffari et al. 2004] .
Infection
Patients with IBD have many factors that may predispose them to opportunistic infections, such as the lack of an appropriate innate immune response to infectious agents (a response that may be inherent in the disease), malnutrition, surgery and immunosuppressive medication [Korzenik, 2007; O'Sullivan and O'Moráin, 2006] . The rate of opportunistic infection in patients with IBD has never been properly quantified but it is clear that increasing levels of immunosuppressive therapy increase the incidence of infection. Thiopurines, due to their effect on lymphocyte apoptosis may have a particular predilection for causing infection with viral pathogens such as cytomegalovirus (CMV), varicella zoster virus (VZV) or the EpsteinBarr virus (EBV).
40% of patients newly diagnosed with IBD will require immunomodulators at some point in their disease course with the vast bulk of these being treated for at least some time with a thiopurine. In a crossectional cohort of 20,000 patients in France in 20042005, more than half of the patients with CD were ever treated with AZA while about one quarter of the patients with UC had received AZA at some juncture [Beaugerie et al. 2006] . One study of 169 patients with IBD on AZA and 61 controls not on an immunosuppressant examined the rates of respiratory, herpes simplex virus (HSV) and cutaneous human papilloma virus (HPV) (wart) infection. Rates of respiratory infection were equivalent across both groups, although the incidence of HSV flares and HPV warts was greater in the AZA group [Seksik et al. 2009] . Another study of patients on 6-MP which retrospectively examined 396 patients over a mean period of 5 years showed infectious complications occurring with a rate of 7.4% of which 1.8% were severe, including one instance of herpes zoster encephalitis. A similar study on 410 patients treated with MP revealed a 14% rate of infectious complications, including pneumonia in 3.9% and herpes zoster in 3%. A recent publication looking at over 22,000 patients with CD found a higher rate of infection with tuberculosis, herpes zoster, sepsis (as well as demyelination and cervical dysplasia) amongst patients on thiopurines, which is increased by combined regimens of immunomodulation with steroids and/ or anti-TNF-a agents [Marehbian et al. 2009] . Hepatitis B infection is looked at in greater detail later in the article.
As there is a greater risk of vaccine-preventable illnesses in patients with IBD, the role of vaccination in the management of IBD patients must be developed. Recent guidelines from the European Crohn's and Colitis organisation (ECCO) have suggested a more aggressive programme of screening and vaccination at time of diagnosis for IBD patients including Varicella, pneumococcal, hepatitis B and HPV vaccines with both seasonal and pandemic influenza vaccines also recommended [Rahier et al. 2009 ]. Live vaccines, however such as yellow fever and poliomyelitis, should be avoided in IBD patients taking thiopurines [Advisory Committee on Immunization Practices, 1993] . This is an important consideration in the predominantly youthful and mobile IBD populations who are more likely to live in the western world and frequently present for travel vaccination. The same issues are prevalent however with other immunomodulators used in IBD also.
Liver toxicity
Hepatotoxicity has long been associated with thiopurine therapy. This tends to be a dose-related phenomenon as demonstrated by two trials which measured metabolite levels correlated to hepatotoxicity [Dubinsky et al. 2000; Cuffari et al. 1996] . The mechanisms of hepatic insult include a drug-induced hepatitis, cholestasis and nodular regenerative hyperplasia of the liver. A recent review found that the mean prevalence of AZA or 6-MP-induced liver injury in patients with IBD was approximately 3%, and mean annual drug-induced liver disorder rate was only 1.4% [Gisbert et al. 2007] . In a series of 396 IBD patients taking 6-MP, drug hepatitis was noted in 0.3%. Importantly, all of these events were reversible upon stopping the offending medication [Present et al. 1989] . Nodular regenerative hyperplasia (NRH) was first described among AZA users in a renal transplant cohort [Buffett et al. 1988] . Case reports have suggested that this can be associated with portal hypertension and even hepatocellular carcinoma in some IBD patients [Russmann et al. 2001; Arnott and Ghosh, 2000] . When a third pharmacologic agent, 6-TG (the actual active metabolite of the thiopurine family) was introduced it was thought that both efficacy and tolerability of would be superior to the older agents, firstly due to its direct conversion to 6-thioguanine nucleotides (TGNs) and secondly its ability to produce high 6-TGN levels without producing high 6-MMP(R) levels. Nodular regenerative hyperplasia (NRH) though, was reported in very high levels in patients treated with this drug for IBD with one study reporting a 25% prevalence [Ferlitsch et al. 2007] . This was reproduced in another multicentre study [Seiderer et al. 2005] and a further study also concluded that the risk of NRH in patients taking 6-TG should preclude its use in patients with IBD [Dubinsky et al. 2003 ]. However, a more recent study of liver biopsies of thiopurine-naïve patients with IBD suggested a 6% prevalence of NRH even in this cohort and fibrosis and steatosis of varying degrees were detected in 31% and 36% of the liver biopsies respectively [de Boer et al. 2008a] . Another study suggested that using lower doses of 6-TG may maintain remission and carry a lower risk of NRH [de Boer et al. 2008b] . This may cause us to re-evaluate and weaken the association between NRH and these drugs in IBD patients.
Cholestasis can also occur and in contrast to the transaminitis induced by the drugs, this may not be reversible [Romagnuolo et al. 1998; Shorey et al. 1968 Generally, these flares tend to be asymptomatic flares, but more complex cases including icteric flares, hepatic decompensation and death have been observed [Lok and McMahon, 2007] . Given the risks of hepatotoxicity inherent in using thiopurines for IBD the British Society of Gastroenterology recommends liver function testing weekly for 4 weeks when the drug is commenced or when the dose is increased. Once the dose, disease and blood monitoring is stable the frequency can be reduced to 3 monthly then yearly.
Lymphoma
Whether or not thiopurines increases the risk of neoplasia, remains controversial for the doses used to treat IBD although a significantly increased risk is reported in patients receiving high-dose AZA treatment following renal transplantation. The most common cancer reported in the literature in these patients is non-Hodgkin's lymphoma. Some of these have been reversible upon discontinuation of the drugs [Evans et al. 2008; Larvol et al. 1994] . A prospective cohort study of nearly 20,000 patients reported incidence rates of lymphoproliferative disorder of 0.90 per 1000 patient-years in those on thiopurines, 0.20/1000 patient-years in those who had discontinued thiopurine therapy, and 0.26/1000 patient-years in those who had never received thiopurines (p ¼ 0.0054) [Beaugerie et al. 2006] . Many of the lymphomas reported in the literature have been associated with EBV and immunosuppression may well play a part in their pathogenesis. One study identified 18 cases of lymphoma in IBD patients over a prolonged period both before and after the widespread use of thiopurines to treat IBD. Six of the neoplasms occurred in patients treated with AZA or MP. Five of seven EBV-positive lymphomas occurred in patients treated with AZA or MP compared with one of 11 EBV-negative lymphomas [Dayharsh et al. 2002] . A number of studies have been done on Therapeutic Advances in Chronic Disease 1 (1) the risk of lymphoma but these have generally tended to be underpowered and conclusions have been conflicting. A meta-analysis was carried out on the relative risk of lymphoma among IBD patients treated with AZA or MP. This looked at six studies and found an approximate fourfold increased risk of lymphoma in IBD patients treated with AZA/MP. The authors postulated that this increased risk could be due to the medications, the severity of the underlying disease, or a combination of the two [Kandiel et al. 2005] .
The underlying risk of lymphoma in patients with IBD has long been discussed. It has also been linked to IBD variants such as complicated anorectal disease and also is seen in colitis patients who develop colorectal cancer [Connell et al. 1994; Greenstein et al. 1992] . Naturally given the age profile of many IBD patients some concerns exist regarding long durations of therapy.
A decision analysis using a Markov model was carried out and this showed that therapy with AZA to preserve remission in patients with CD results in overall increased quality-adjusted life expectancy. This increase was greatest in young patients who have the lowest baseline risk of non-Hodgkin's lymphoma and who have the greatest life expectancy in the absence of a CD-related death. However, in the modern era of anti-TNF-a combined immunomodulation this may need to be re-evaluated. Now that it has been shown that summative benefit may accrue from combinations of thiopurines and biologic agents [Sandborn, 2009] , it is plausible that an increase in numbers of patients taking such regimens may lead to a rise in the number of lymphomas which may occur. A meta-analysis showed an incidence of lymphoma of 6.1 per 10,000 patient years in a cohort of patients who were treated with combination therapy of immunomodulator and anti-TNF-a compared to 4 per 10,000 years in those on immunomodulators alone and the expected rate of 1.9 per 10,000 patient years in the non-IBD population. The risk is statistically significant but low in absolute terms [Siegel et al. 2009] . Such a scenario emphasises the importance of multicentre and international collaborations in this field to better understand the risk of this rare but catastrophic side effect.
Other malignancies and cervical dyskaryosis
The risk of nonhaematogenous solid-organ malignancy in patients taking thioguanides for IBD does not appear to be significantly increased [Masunaga et al. 2007] . A nested case control study of 15,471 patients did not reveal any increased risk of malignancy other than lymphoma [Armstrong et al. 2010] . However, in those on the medications following a renal transplant, there is a 50 to 100-fold increase in the relative risk of malignant disease [McKendry, 1991; Penn, 1990] . The most common tumours are squamous cell carcinomas of the skin, non-Hodgkin lymphoma, Kaposi's sarcoma, in situ carcinomas of the uterine cervix, and carcinomas of the vulva and perineum. Recently, it has been recommended that newly diagnosed females with IBD should receive HPV vaccination [Rahier et al. 2009] . It has been illustrated that female patients on all forms of immunomodulator therapy for IBD are significantly more likely to have abnormal cervical smears related to HPV infection [Kane et al. 2008] . The risk appears to increase with greater levels of immunosuppression with the risk of cervical abnormalities in women treated with thiopurines being increased by 3040% among women who use these agents in addition to corticosteroids [Singh et al. 2009] . This is particularly concerning in the light of the knowledge that patients with IBD have markedly poor rates of attendance for cervical smears [Long et al. 2009] . This is possibly due to an overriding emphasis on the management of their symptomatic disease in their interactions with the healthcare services, to the exclusion of other issues.
Bone marrow suppression
Thiopurines can cause myelosuppression in patients with low TPMT activity although it may also occur in the setting of normal TPMT activity. Up to a quarter of all patients taking thiopurines will experience some mild leucopenia, thrombocytopenia complicates 5% of cases. Dose-related marrow suppression results in leukopenia in up to 27% of patients and thrombocytopenia in up to 5% [Huskisson, 1984; Weinshilboum and Sladek, 1980] . When mild fluctuations in leucocyte levels occur, it is usually a reversible, dose-related phenomenon. Patients with low levels of TPMT activity are at greatest risk for myelosuppression. A meta-analysis on over 8000 patients showed the risk of outright myelosuppression to be a cumulative incidence of AZA/6-MP induced myelotoxicity to be 7% with an incidence rate (per patient and year of treatment) of 3% (95% confidence interval [CI] 3-4%). In this study, the risk was broadly the same with AZA as with MP (7% vs 9%).
Of those who experienced myelotoxicity, the cumulative incidence of infection was 6.5%
Severe myelotoxicity was observed in 1.1%, with a 0.94% risk of death in all those who had myelotoxicity [Gisbert and Gomollón, 2008] . Interestingly, myelotoxicity occurred as soon as 12 days after treatment but up to 27 years. Another study looking at timing of myelotoxicity events in these patients though showed that the majority of events will still occur within the first 8 weeks of therapy. During this period the incidence of severe neutropenia and severe thrombocytopenia per 100 person-months was 0.51 and 0.08, respectively with a median duration from a normal white blood cell count to severe leukopenia or neutropenia of 1314 days [Lewis et al. 2009 ]. The use of allopurinol for gout augments the risk of myelosuppression with numerous cases of profound pancytopenia reported [Kennedy et al. 1996; Venkat Raman et al. 1990 ].
An interesting aspect here is that in a selected cohort of patients with IBD who were taking AZA, the coprescription of allopurinol actually reduced the rate of hepatotoxicity. The lower rate of toxicity in patients on cotherapy might be attributable to the preferential shunting of AZA into the 6-TGN pathway when allopurinol is taken, as well as to the inhibition of reactive oxidative free radicals (ROS) that may cause tissue damage [Elion, 1989] . In practice, when thiopurines are commenced, low doses are usually used for the first week to test for drug hypersensitivity before increasing incrementally over a period of four to six weeks until the desired response is seen or a maximal total dose is reached, even though dose-independent mechanisms could be used. Weekly complete blood counts should be carried out during this time (including haemoglobin, mean cell volume, white blood cell count, and platelet count) and they should also be monitored every two weeks during dose escalation, and every four to six weeks after a stable dose is achieved for 3 months or more. Patients should also be advised to be vigilant for signs of infection and neutropenia and advised to seek medical assessment should such episodes occur [Furst and Clements, 1991] .
Fertility and preganancy
The United States Food and Drug Administration (FDA) has classified AZA as a Class D agent which means it is harmful to the foetus and should not be given during pregnancy without careful consideration of risk versus benefit. In practice, although MP and AZA cross the placenta and have been found in cord blood, the human foetus is thought to be protected from the teratogenic effect of the thiopurines because the foetal liver lacks the enzyme inosinate phosphorylase which is necessary to convert AZA and MP to active metabolites [Habal and Ravindran, 2008] . Teratogenicity has been found in rodent models however, with skeletal and visceral abnormalities noted when doses equivalent to human ones are given [Burdett et al. 1988] .
The evidence for teratogenicity of azathioprine when taken by the mother is limited to case reports [Williamson and Karp, 1981] . It has been illustrated by retrospective studies that these medications are safe in pregnant patients with IBD and if a patient is established on AZA or MP therapy and the drug is considered essential to maintain remission, the patient should continue treatment [Mahadevan and Kane, 2006; Francella et al. 2003; Alstead et al. 1990] . The effect of thiopurine use in the male parent on any potential teratogenicity is unclear [Tallent et al. 1970] . One, albeit small and unrandomised, study did suggest that the use of MP by the father in the three months prior to conception significantly increased the rate of pregnancy-related complications including spontaneous abortions and congenital abnormalities [Rajapakse et al. 2000] . Isolated reports have occurred of immunological and haematological complications in pregnancy including pancytopenia, lymphopenia, diminished immunoglobulin (Ig) G and IgM levels, cytomegalovirus infection, and a decreased thymic shadow in the children of mothers on concurrent AZA and high-dose corticosteroid therapy [DeWitte et al. 1984; Cote et al. 1974] .
When the disease is inactive, fertility in the female patient does not appear to be compromised over and above those with IBD not on the medication [Mahadevan, 2006] . The major factor leading to decreased fertility in females has been undergoing surgery and this has been consistent across a number of studies. [Ording et al. 2002; Hudson et al. 1997] . Thiopurine use is not thought to modulate this risk in any way. Similarly, fertiltity in the male does not seem to be affected by these immunomodulators. One study of sperm density, motility and morphology in patients with IBD taking AZA without sulphasalazine showed no effect when compared to normal reference intervals [Dejaco et al. 2001] . As AZA and MP have been found in breast milk, breastfeeding is not recommended by the manufacturers of the agents. However, large scale clinical data is lacking. One small study of lactation in 8 women with IBD taking AZA showed that Therapeutic Advances in Chronic Disease 1 (1) the majority of the drug metabolite in breast milk is excreted within the first 4 h after drug intake. On the basis of maximum concentration measured, the infant ingests MP of <0.008 mg/kg bodyweight/24 h. The authors concluded that breastfeeding during treatment with AZA seemed safe and should be recommended, considering the extensive beneficial effects to mother and child [Christiansen et al. 2008] . A review of immunomodulators in pregnancy and breastfeeding came to the same conclusion [Gisbert, 2009] . More extensive studies are certainly warranted in this area.
Summary and recommendations
The potential benefits of thiopurine treatment in the induction, but primarlily maintenance of remission in IBD are proven and trusted. However this comes with a certain price in terms of the side effects of medium and long term use. A strong therapeutic relationship and prompt access to medical opinion are essential for IBD patients taking these drugs. The potential harmful effects can be anticipated and minimised by due diligence prior to commencing the drug and close monitoring of haematological and biochemical parameters subsequent to commencement. Careful clinical examination and careful history taking also play a role here. Practitioners should remain cogniscent of the life events that occur in these patients also with regard to travel, employment and pregnancy and anticipate the implications of this for the patients continued thiopurine therapy. 
